Dysequilibrium between caspases and their inhibitors in a mouse model for amyotrophic lateral sclerosis.
Mutations in copper/zinc superoxide dismutase (SOD1) have been implicated in the pathogenesis of familial amyotrophic lateral sclerosis (ALS). Mutant SOD1 protein likely gains a novel cytotoxic property, leading to the death of motor neurons. We therefore investigated whether caspase-mediated apoptosis is associated with novel cytotoxic properties in a rodent model for familial ALS (G93A SOD1 transgenic mice). Caspase-9 (an effecter in the mitochondrial apoptotic pathway), caspase-8 (an effecter in the Fas apoptotic pathway), and caspase-3 (an executioner of both pathways) proteins were all present in nonactive forms in the spinal cords of wild-type mice during the early stage of the disease (8 weeks), at which time the mice had not yet exhibited motor paralysis. In transgenic mice, however, these proteins were present in their active forms, and their mRNA levels were significantly upregulated in the represent to this conversion from nonactive to active forms. During the advanced stage of the disease (16 weeks), when paralysis was evident, the active caspase levels were further elevated. On the other hand, the mRNA and protein levels of survivin, a counteraction protein against caspases, were significantly suppressed during the early stage, and sharply increased during the advanced stage. Although the mRNA and protein levels of X-linked inhibitor of apoptosis protein (XIAP) remained at the same levels as those seen in the control (wild-type mice) during the early stage, they were significantly depressed at an age of 16 weeks. These findings were observed exclusively in the spinal cord, the region responsible for the disease, and not in the cerebellum, a non-responsible region. We conclude that conditions facilitating the apoptotic process during the early stage of the disease play causative roles in the pathogenesis of ALS and that the suppression of XIAP levels during the advanced stage could contribute to disease expression and/or progression.